rapid growth has also been seen in Further Mathematics with A-level and AS-level entries in 2011 increasing to almost 12,300 and 18,500 respectively. For 2011 completers, mathematics is now second in the top ten list of most popular A-levels, although there is a need to remain cautious as there is evidence that students at private schools are twice more likely than their peers in comprehensive schools to study mathematics at this level.
While there has been growth in mathematics A-levels, there has also been growth within the HE sector. In recent times growth within the STEM disciplines has, on the whole, greatly exceeded the sector average. Comparing the period 2005/06 to 2009/10, overall full-time student enrolments within higher education increased by over 11% but growth in the STEM disciplines has, on the whole, greatly exceeded this. Mathematics increased by over 26% (+5,460 students), physical sciences by 16% (+7,370 students), engineering and technology by 18% (+13,575).
Studying the average tariff data for 2009/10 and 2011/12, presented in the Guardian university rankings, and which indicates the average number of UCAS points students possess on entry to only mathematical sciences degree programmes, reveals some interesting patterns. Averaging these across all institutions who provided data shows that the average UCAS tariff for the mathematical sciences increased by 10 points to 386 points in 2011/2012. While not conclusive, it reflects the general trend observed of an increase in the qualifications of incoming students being accepted for university entry to study mathematics, although it is certainly not a universal pattern for all the HEIs for which data was available.
There has been growth in both A-levels and university courses within mathematics and disciplines that contain a significant mathematical component, and it is evident that there are now more learners who have higher pre-entry qualifications in mathematics than previously. Despite this, the mathematics problem continues to exist, suggesting it is no longer due to an insufficient number of A-level candidates with the necessary grades. The Institute of Physics, one of the Partners of the National HE STEM Programme, recently produced a report [5] entitled 'Mind the Gap: Mathematics and the Transition from A-levels to Physics and Engineering Degrees' which indicates many physics and engineering academic members of staff feel new undergraduates within their disciplines are underprepared as they commence their university studies due to a lack of fluency in mathematics. In addition, the report also highlights the concerns that students themselves are now beginning to articulate in relation to their mathematical skills prior to university entry. This is despite the evidence that they are typically arriving at university with increased mathematical grades, and provides further evidence of issues with pre-university qualifications rather than the individual students themselves.
The 'Measuring the Mathematics Problem' report recommended that "Prompt and effective support should be available to students whose mathematical background is found wanting", and while it is evident that the mathematics problem has not been solved, significant progress has been made. An ample supply of free, good quality resources are available to help any students serious about remedying their shortcomings, and to help academic and support staff who aspire to assist students who struggle at the school-university interface, and a significant proportion of universities have invested substantially to put palliative mechanisms in place, for example mathematics support centres [6] . It is also the case that there are, or have been, several high profile, well-resourced national projects designed to increase the supply of mathematically qualified school leavers, and to improve teaching quality and continuing professional development of mathematics teachers.
It might be argued that there are now three aspects to the mathematics problem we currently observe as students make the transition to higher education study:
A lack of core mathematical knowledge and concepts traditionally expected at the transition to university study;
A lack of fluency in applying mathematics and specifically an inability to model and solve (unfamiliar) problems; Students, not studying sufficient mathematics prior to university entry particularly in disciplines outside of engineering, mathematics and physics.
The effects of each are not observed equally across disciplines. My personal experience indicates that for firstyear mathematics and physics students, the dominant issue appears to be an inability to apply mathematics rather than an inability to undertake the 'routine processing' of calculations; in particular, students struggle to identify the techniques and approaches required to solve problems. This should not, however, be taken to indicate that issues do not exist with students' core knowledge in these disciplines, but merely that the mathematics issues we are facing within higher education are changing and these require differing approaches to their solution, particularly when considering disciplines beyond engineering, mathematics and physics.
There is clear evidence that the number of disciplines impacted by the mathematics problem has broadened, 1.
2.
3.
The Mathematical Transition: A Multi-Stage Problem? -Michael Grove from its initial impact upon the disciplines of mathematics, engineering and physics, with issues now being seen within chemistry, and the biological, health and social sciences. A different contributing factor is responsible which was highlighted in a recent report by the Advisory Committee on Mathematics Education (ACME) [7] that found around 210,000 students out of the 330,000 that are studying courses that require mathematical knowledge beyond GCSE do not have the required skills, leading to challenges for both the universities and students involved. Here the issue is that students on a wider range of higher education courses are either not aware that the further study of mathematics would be highly beneficial to them or universities are not requesting they study it. As a consequence, students are arriving at universities without having studied the necessary mathematical courses, and for many, they may not have studied any mathematics for two or three years prior to university entry. This is something we can collectively influence and address through our university admissions processes.
So where should we now focus our efforts to address this problem given the progress we have made to date? A key finding of the Institute of Physics report is that many of the academics surveyed believe that current mathematics and physics provision at A-level leads to students learning by rote rather than through their own independent techniques. A 2008 report entitled Newton's Mechanics -Who Needs It? [8] highlighted similar concerns and linked this to a decline in the ability of undergraduate students to model and solve problems at the transition to university. Our efforts should now be to address the lack of fluency amongst incoming undergraduate cohorts in the application of mathematical techniques to unfamiliar exercises, problems or scenarios. The current A-level system does not allow students sufficient opportunity to apply their mathematical skills, particularly if they choose not to study modules of mechanics. It is interesting to note that those students who responded to the Institute of Physics survey and had studied components of further mathematics prior to university entry felt better prepared mathematically for their studies and indicated they felt they required less support. Our interventions, particularly during the first year of university study, need to focus upon allowing students to model scenarios, solve problems, and generally have extended opportunities to engage with the application of mathematics to disciplinary contexts. These are in addition to ensuring ready access to the existing support measures we have developed remains available.
The fact that a mathematics problem continues to exist many years on may imply a gloomy picture, but the response of higher education to it does not. Measures have been put in place nationally to ensure that all students embarking upon undergraduate programmes with a strong mathematical content have access to resources that will ease their transition into higher education. Universities are adopting a number of approaches to tackling transitional problems, for example by the provision of summer schools, bridging mathematics courses and through mathematics support centres which many universities have now established. Universities now also have access to a range of quality resources that have been produced directly to support students: the FDTL4 project Mathematics Support at the Transition to University has developed mathtutor, the FDTL4 project Helping Engineers Learn Mathematics (HELM) produced workbooks, and the mathcentre project has produced numerous resources as well as an online resource bank. In addition, through the work of the National HE STEM Programme and the sigma centre of excellence in mathematics and statistics support, a national mathematics support network has been established for higher education staff working to address the student mathematical transition to higher education. The Programme also has several other projects active in addressing the issues described. For example, at the University of Leeds a project focused upon enhancing students mathematical modelling and problem solving skills at the university transition now involves fifteen departments within eight HEIs who have all made changes to the way their programmes of study are delivered to ensure these vital mathematical skills are effectively developed.
Given the multi-faceted nature of the mathematical issues we experience across a range of disciplines in higher education, it may be that using the term 'mathematics problem' is no longer appropriate. Perhaps we might consider thinking in terms of the 'mathematical transition' as students commence university study and its different meaning to disciplines. There is certainly a valid argument for thinking this way. With the recent changes to university fee structures, the transition to university study is a priority for many HEIs and is explicitly documented within their Access Agreements. Highlighting the important role of mathematics to the university transition, and not just within the STEM disciplines, would maintain its profile and hopefully help ensure the continuation of the successful work initiated to date.
Whatever we choose to collectively call the issues, the ongoing existence of mathematics problem prior to university entry clearly requires adjustment to the preuniversity curriculum. Members of the Programme Team, and by this I include those from the HE sector who are participating in its activities, would be willing to contribute to the redesign of the existing GCSE and A-level curriculum and there is a very natural role for higher education here if government so chooses. Until then, we must continue to support students to develop and enhance their mathematical skills upon university entry; I am delighted we are working with the sector to do just that. 
sigma Prizes for Outstanding Contribution
In 2012, the sigma network (formerly the Centre for Excellence in university-wide mathematics and statistics support) intends to award two personal prizes to individuals who have made significant contributions in the field of mathematics and statistics support. These prizes will be awarded at this year's CETL-MSOR Conference Dinner on Thursday 12th July 2012.
Prizes and Eligibility
• One prize of £1000 to an individual employed in a higher education institution (UK or overseas) who has made a sustained contribution to mathematics and/or statistical support -the sigma Outstanding Contributor 2012
• One prize of £1000 to an individual employed in a higher education institution (UK or overseas) who has made a notable contribution to mathematics and/or statistical support at an early stage of their career -the sigma Rising Star 2012
Nominations are now being sought and must be submitted by 5th March 2012. Full details (including nomination forms) can be found at http://sigma-network. ac.uk/blog/archives/sigma-prizes-for-outstanding-contribution
For further information or informal enquiries please contact Dagmar Waller, sigma Assistant Director (d.a.waller@bham.ac.uk).
